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1

1-ALKY1-4-AMINO-3-(3-AMINOTRIAZOLQO)-1,8
NAPHTHYRIDINE-2-ONES

BRIEF DESCRIPTION OF THE INVENTION

In accordance with this invention there are provided
4-amino-3-(3-aminotriazolo)-1,8-naphthyridine-2-ones
which act as antihypertensive agents.

DETAILED DESCRIPTION OF THE
INVENTION

The anti-hypertensive agents of this invention are

compounds of the formula:

R]
NN
o~ - O
R4 /N—NH
/
\ / C
N\
/N\ =C—NH,
R3 R?2

in which

R!is hydrogen or alkyl of 1 to 6 carbon atoms; and

R2 and R3 are independently, hydrogen or alkyl of 1

to 6 carbon atoms;

R¢%is hydrogen or alkyl of 1 to 6 carbon atoms;
or a pharmaceutically acceptable salt thereof.

The compounds of the invention are capable of form-
ing acid addition salts. It 1s intended throughout this
specification and claims to embrace the pharmaceuti-
cally acceptable salts of such compounds, which salts
are conveniently derived from such acids as hydrochlo-
ric hydrobromic, sulfuric, phosphoric, methane sul-
fonic, nitric, p-toluene sulfonic, acetic, citric, maleic,
succinic acid and the like.

The intermediate 4-halo-naphthyridine precursors for
production of the anti-secretory agenits of this invention
are compounds of the formula:

Rl
|
N

in which |

R1is hydrogen, alkyl of 1 to 6 carbon atoms;

RZ is —CO3R5 where R3 is alkyl of 1 to 6 carbon

atoms;

R4 is hydrogen or alkyl of 1 to 6 carbon atoms; and

X 1s chloro, bromo, or iodo.

The 4-amino-3-(3-aminotriazolo)-1,8-naphthyridine-
2-ones of this invention are prepared by a process which
begins by preparing a 4-amino-3-carboxy-1,2-dihydro-2-
oxo-1,8-naphthyridine obtained by reacting a primary
or secondary amine with an appropnately substituted
4-halo-naphthyndine precursor. By 4-halo, applicant
intends to embrace the chloro, bromo and iodo deriva-
tives. The 4-halo-naphthyridine precursors are prepared
by conventional techniques involving displacement of a
4-hydroxyl group from the corresponding 4-hydroxy-
naphthyridine with such halogenating reagents as thio-
nyl chloride to obtain the 4-chloro-naphthyridines and
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phosphorus oxybromide to obtain the 4-bromo-naph-
thyridines. The 4-todo-naphthyridines are prepared by
reaction of a 4-chloro-naphthyridine with sodium io-
dide 1in an appropriate inert solvent such as acetone.

Alternatively, the 4-chloro, bromo or iodo-naph-
thyridines may also be prepared directly by nitrosation
of the appropriately ring substituted 4-amino-naphthyri-
dines in hydrochloric, hydrobromic or hydroiodic acid,
respectively.

The 4-amino-3-carboxy-1,2-dihydro-2-0xo0-1,8-naph-
thyridine can also be prepared directly from a 2-sub-
stituted amino nicotinonitrile reacting with a lower
alkyl malonyl chloride followed by a Dieckman ring
closure with sodium alkoxide, or an analogous strong

base such as potasstum alkoxide or NaH or NaNH3 in an
aprotic solvent, thusly:

N NHR!
R - | CICOCH5CO,Et 5
AN CN
R]
I
_ N N—CQOCH,CO>Et
R* \ CN
g
NN
| - .,-"'-f"o
| NaQOEt
| HC
- RYT Xy r CO-FEt
NH>

Alternatively, the 2-substituted aminonicotinonitrile
may be reacted with the sodio salt of a di-lower alkyl
malonate to give directly on acidification a 4-amino-3-
carboxy-1,2-dihydro-2-0x0-1,8-naphthyridine  deriva-
tive, thusly: | |

Rl
I
N NH
o - ‘ Na+CH —(CO;Et)?
—_—
N CN

where R! in the preceding equation is hydrogen, the
product may be treated with a lower alkali metal alkox-
ide and alkylated with a lower alkyl, iodide, bromide or
chloride (RX where R contains 1 to 6 carbon atoms) to
afford the l-alkyl-4-amino-3-carboxy-1,2-dihydro-2-
oxo-1,8-naphthyridine derivatives described above.
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which was collected and was triturated with 1000 ml. of
boiling ethanol. The mixture was filtered and the filtrate
was cooled in ice to precipitate 2.9 g. of product, m.p.
264°-267° C. dec.

Analysis for: C;1H11N303, Calculated: C, 56.65; H,
4.75; N, 18.02, Found: C, 56.37; H, 4.79; N, 18.08.

EXAMPLE 2

4-Amino-1,2-Dihydro-2-Oxo-1,8-Naphthyridine-3-Car-
boxylic Acid

The material which was insoluble in boiling ethanol
from the previous reaction was recrystailized from
N,N-dimethylformamide to give a small amount of the
corresponding carboxylic acid, m.p. 296°-298" C. dec.

Analysis for: CoH7N303, Calculated: C, 52.68; H,
3.44;: N, 20.48, Found: C, 52.27; H, 3.72; N, 20.23.

The 3-aminotriazolo substituent, which can exist in EXAMPLE 3
three tautomeric forms: 4-Chloro-1,2-Dihydro-1-Methyl-2-Oxo-1,8-Naphthyri-
- .
N—NH . N—N_ N—N
7 — _ 7 “ e _7 “
N\ N Z N\
N=C-——NH; N—C—NH; E—C“NHZ

is readily produced at 3-position of the 4-amino and

4-substituted amino-3-alkoxy-carbonyl-1,8-naphthyri-

~dine derivatives by reaction of the ester —CO2R> with |

amino guanidine in an organic solvent solution. 30 dine-3-Carboxylic Acid, Ethyl Ester

When employed to lower blood pressures, the effec- To 200 ml. of anhydrous N,N-dimethylformamide
tive dosage of the substance active for such treatment was added 1.9 g. (0.04 mole) off 50% sodium hydride.
will vary according to the particular compound being Then 6.5 g. (0.04 mole) of 3,4-dihydro-1,3-dioxo-1H-
employed, the severity and ‘ngt}lre of condition being pyrido[2,3-d][1,3]oxazine was ;dded in po;tions over 5
treated. Therapy should be initiated at low doses, the ;; .. tec After 14.2 g. (0.1 mole) of methyl iodide was

d"SﬂEe theregfter being increas§d, if necessary, to pro- added, the mixture was stirred at room temperature for
d“;e ﬂllf des:;ed antl-lhyp?irtensw_fz lfffect. , 2 hours. The mixture was cooled and water was slowly
urther, when employed as anti-hypertensive agents,  ,q4eq4 On further dilution of water, a precipitate was

the compounds of the invention, or pharmacologically g0 which was collected, air dried and was recrys-
acceptable acid addition salts thereof, may be adminis- 4, (.11i7ed from ethanol to give 2.6 g. of 1-methyl-1H-4H-
tered alone or in combination with pharmaceutically pyrido[2,3-d][1,3]-oxazine-2,4-dione, m.p. 163°~166° C.

acceptable carriers, so that the compounds of this inven- Analysis for: CgHgN203, Calculated: C, 53.93; H
tion may be administered by conventional oral or paren- 3.40: N. 15.73. Found: C 53.60- H 352: N ’ 15.87. o
teral routes as solids, liquids, or isotonic solutions. The ' TB a,solﬁti {;n of 0'3'45 ,g. (0_1_’5 g’. ator;l) (;f sodium in

pr_0portion and nature of such carr iers.woul_d be d_eter - 45 30 ml. of ethanol was added 4.8 g. of diethyl malonate.
mined by the solubility and other chemical properties of The mixture was stirred at room temperature for 5
the compound selected, the chosen route of administra- minutes and then was evaporated in a rotary evapora-
tion, and standard pharmaceutical practice althoughitis ~ (. The residue was dissolved in 30 ml. of N,N-dime-
considered desirable and feasible to use the compounds thflformamide and 2.67 g. (0.015 mole) of l-me’thyl—lH-
neat or pure without additives other than for the pur- o, 4H-pyrido[2,3-d][! 3j—0xa'zine-2 4-dione was added.
pose of providing suitable pharmaceutically acceptable  pe mixture was heated under reflux for 10 minutes and
So!if; 01% 11‘151““1. dosage umts._n , the thick mixture was dissolved in 100 ml. of water. The
- e following examples 1llustrate the preparation of .15 was acidified with conc. hydrochloric acid and
representatlve lﬁtermEdlateS and ﬁnal pTOdUCtS Of the the prec.ipitate WhiCh formed was Collected air dfiﬁd,
invention and the pharmacological testing of the com- 55 .43 small amount of this 1.7 g. was recrystallized from

pounds of the invention. | ethanol to give the analytical sample of 4-hydroxy-1,2-
| EXAMPLE 1 ?ihyd};lo-I-II?elthyl-Z-oxo-l_.,185;13131121&(1)1y(r:idine-B-carboxy-
. . - - ic acid, et ester, m.p. °~160° C.
4-Amino-1,2-Dihydro-2-Oxo-1,8-Naphthyridine-3-Car- Analysis for: CLHLN,Os Calculated: C, 58.06; H,
boxylic Acid Ethyl Ester 60 4.87: N, 11.29, Found: C, 57.86; H, 4.85; N, 11.18.
To a solution of 4.14 g (0.18 g. atom) of sodium in 100 A stirred mixture of 1.7 g. of 4-hydroxy-1,2-dihydro-
mi. of ethanol was added 28.8 g. (0.18 mole) of diethyl 1-methyl-2-0x0-1,8-naphthyridine-3-carboxylic acid
malonate. After stirring at room temperature for 5 min- ethyl ester in 25 ml. of phosphorus oxychloride was

utes, 7.14 g. (0.06 mole) of 2-aminonicotinonitrite was ~ heated under reflux for 2 hours. The phosphorus oxy-
added and the mixture was heated under reflux for 6 65 chloride was removed in a rotary evaporator and the
hours. The mixture was cooled and was diluted with residue was poured into 100 ml. of ice water. The pre-
100 ml. of water and was acidified with conc. hydro-  cipitate which formed was collected, air dried and a
chloric acid. On cooling, a precipitate was formed small amount of the 1.9 g. was recrystallized from hep-
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tane twice to give the analytical sample of the title
compound, m.p. 132°-135° C.

Analysis for: Ci2H11CIN2O3, Calculated: C, 54.04; H,
4.16; N, 10.51, Found: C, 53.61; H, 4.16; N, 10.51.

By analogous procedures, the intermediates for amine
introduction in 4-position useful in the preparation of
the variously substituted compounds of this invention
are readily obtained. Likewise, the initial pyrido-oxa-
zine reactant may be alkylated with alkyl 1odides of 1 to
6 carbon atoms to afford the corresponding 1-sub-
stituted precursors.

EXAMPLE 4

4-Amino-1,2-Dihydro-1-Methyl-2-Oxo-1,8-Naphthyri-
| dine-3-Carboxylic Acid Ethyl Ester

To a solution of 2.66 g. (0.02 mole) of 2-
methylaminonicotinonitrile in 100 ml. of anhydrous
ethyl ether was added 1.5 g. (0.01 mole) of ethyl malo-
ny! chloride. Afier stirring at room temperature for 1
hour, the mixture was filtered. The filtrate was evapo-
rated 1n a rotary evaporator and the residue was dis-
solved 1in 10 ml. of ethanol. This solution was added to
a solution of 0.46 g. (0.02 g. atom) of sodium in 50 ml. of
ethanol. After stirring for 5 minutes, the mixture was
diluted with water and was acidified with conc. hydro-
chloric acid. The precipitate which formed was col-
lected, air dried and was recrystallized from ethanol to
afford 0.9 g. of product, m.p. 203°-206° C.

Analysis for: CizH13N3103, Calculated: C, 38.29; H
4.30; N, 17.00, Found: C, 57.96; H, 5.31; N, 17.16.

EXAMPLE 5

4-Amino-1-Ethyl-1,2-Dihydro-2-Oxo-1,8-Naphthyri-
dine-3-Carboxylic Acid Ethyl Ester

Following the procedure of Taylor et al, J. Org.
Chem., 19, 1633 (1954), a stirred mixture of 14 g. of
nicotinamide N-oxide, 29.7 g. of phosphorus pentachlo-
ride and 40 ml. of phosphorus oxychloride was heated
under reflux for 2 hours. The phosphorus oxychloride
was evaporated in a rotary evaporator and the residue
was poured over ice. The insoluble material was col-
lected, air dried and was recrystallized from heptane to
give 6.0 g. of 2-chloronicotinonitrile.

A stirred mixture of 4 g. of 2-chloronicotinonitrile in
200 ml. of a saturated ethanolic ethylamine solution was
heated under reflux for 5 hours. The solution was
cooled and was diluted with 400 ml. of water. The
precipitate  of 2-ethylaminonicotinonitrile which
tormed was collected, air dried and was used directly in
the next step without further purification.

To a solution of 44 g (0.03 mole) of 2-
ethylaminonicotinonitrile in 200 ml. of anhydrous di-
ethyl ether was added 2.25 g. (0.015 mole) of ethyl
malonyl chloride. After stirring at room temperature
for 2 hours, the mixture was filtered. The filtrate was
evaporated 1n a rotary evaporator and the residue was
dissolved in 20 ml. of ethanol. This solution was added
to a solution of 0.69 g. (0.03 g. atom) of sodium in 100
ml. of ethanol. After stirring for 5 minutes at room
temperature, the mixture was diluted with water and
was acidified with conc. hydrochloric acid. The precip-
itate which formed was collected, air dried and was
recrystallized from ethy! acetate to afford 1.8 g. of the
title compound as a hemihydrate, m.p. 205°-208° C.

Alternatively, 4-Amino-1-ethyl-1,2-dihydro-2-oxo-
1,8-naphthyridine-3-carboxylic acid ethyl ester may be
prepared as follows:
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6

To a solution of 2.07 g. (0.09 g. atom) of sodium in 75
ml. of absolute ethanol was added 14.4 g. (0.09 mole) of
diethyl malonate. The solution was stirred at room
temperature for 5 minutes. The 4.4 g. (0.03 mole) of
2-ethylaminonicotinonitrile was added and the mixture
was heated under reflux for 6 hours. The mixture was
cooled and was diluted with 75 ml. of water and was
acidified with concentrated hydrochloric acid. The
precipitate which formed was collected and was dried
to give 3.2 g. of material. Two recrystallizations from
ethanol provided 1.1 g. of pure product, m.p. 203°-207°
C.

A third method of preparing 4-amino-1-ethyl-1,2-
dihydro-2-0xo-1,8-naphthyridine-3-carboxylic acid
ethy! ester is as follows:

To a stirred solution of 0.026 mole of sodium ethoxide
(0.6 g. sodium in 200 ml. of ethanol) was added 6 g.
(0.025 mole) of 4-amino-1,2-dihydro-2-oxo-1,8-naph-
thyridine-3-carboxylic acid ethy!l ester and 11.7 g. (0.075
mole) of ethyl iodide. The reaction mixture was heated
under reflux for 4 hours; then filtered. The filtrate was
taken to dryness and the residue was washed with wa-
ter. The crude product amounted to 2.3 g., m.p.
194°-198° and gave no melting point depression on
admixture with samples prepared as previously de-
scribed.

Analysis for: Ci3HisN3O3 iH3;0, Calculated: C,
57.77; H, 5.97; N, 15.55, Found: C, 57.82; H, 5.97; N,
15.81.

EXAMPLE 6

4-Amino-1-Ethyl-1,2-Dihydro-2-Oxo0-1,8-Naphthyri-
dine-3-Carboxylic Acid, n-Butyl Ester

To a solution of 1.38 g. (0.06 g. atom) of sodium in
200 ml. of n-butyl alcohol was added 12.96 g. (0.06
mole) of di-n-butylmalonate. After stirring for 2 min-
utes, 8.82 g. (0.06 mole) of 2-ethylaminonicotinonitrile
was added. The mixture was heated under reflux for 5
hours. The n-butyl alcohol was removed in a rotary
evaporator and the residue was triturated with 250 ml.
of a 20% aqueous hydrochloric acid solution. This mix-
ture was extracted with 200 ml. of ethyl ether. The
ether layer was dried over magnesium sulfate, filtered
and the ether layer was acidified with an ethereal hy-
drochloric acid solution. The precipitate which formed
was collected and this material was triturated with 100
ml. of a 109% aqueous sodium carbonate solution. The
insoluble material was dissolved in ether. The ether
layer was dried over magnesium sulfate, filtered and the
ether was evaporated. The residue was recrystallized
from ethyl acetate to afford 0.5 g. of product, m.p.
117°-120° C.

Analysis for: CisH1gIN303, Calculated: C, 62.26; H,
6.62; N, 14.52, Found: C, 61.96; H, 6.50; N, 14.74.

EXAMPLE 7

4-Aminé-1 -Propy'l- 1,2-Dihydro-2-Oxo0-1,8-Naphthyri-
dine-3-Carboxylic Acid Ethyl Ester

A stirred mixture of 2.76 g. (0.02 mole) of 2-
chloronicotinonitnle prepared as in Example 9, 1.18 g.
(0.02 mole) of propylamine and 2.12 g. (0.02 mole) of
sodium carbonate 1n 25 ml. of ethanol was heated under
reflux for 5 hours. The mixture was filtered and the
filtrate was cooled in ice and was diluted with water to
the cloudy point. The precipitate which formed was
collected, air dried and was recrystallized three times
from pentane to give 0.7 g. of 2-propylaminonicotinoni-



4,347,362

7

trile, m.p. 33°-35° C. which was used directly in the
next step.

To a solution of 4.5 g. (0.028 mole) of 2-
propylaminonicotinonitrile in 100 ml. of anhydrous
diethyl ether was added 2.1 g. (0.014 mole) of ethyl
malonyl chloride. The mixture was stirred at room
temperature for 2 hours and was filtered. The filtrate

was evaporated in a rotary evaporator and the residue
was dissolved in 10 ml. of ethanol. This solution was

added to a solution of 0.64 g. (0.028 g. atom) of sodium
in 50 ml. of ethanol. After stirring for 10 minutes, the
mixture was diluted with water and was acidified with
conc. hydrochloric acid. The precipitate which formed
was collected, air dried and was recrystallized from
ethyl acetate to give 2.1 g. of the title compound, m.p.
165°-168° C.

Analysis for: C14H17N303, Calculated: C, 61.08; H,
6.22; N, 15.26, Found: C, 61.02; H, 6.04; N, 15.19.

EXAMPLE 8

4-Amino-1-Isobutyl-1,2-Dihydro-2-Oxo-1,8-Naphthyri-
dine-3-Carboxylic Acid Ethy! Ester

A stirred mixture of 5 g. of 2-chloronicotinonitrile in
25 ml. of isobutylamine was heated under reflux for 30
minutes. The mixture was cooled and was diluted with
water to the cloudy point. The precipitate which
formed was collected, air dried and was recrystallized
from heptane to give 4 g. of 2-isobutylaminonicotinoni-
trile, m.p. 80°-84" C. |

Analysis for: C1oH13N3, Calculated: C, 68.54; H, 7.48;
N, 23.98, Found: C, 68.93; H, 7.77; N, 24.24.
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To a solution of 1225 g (0.07 mole) of 2-
isobutylaminonicotinonitrile in 300 ml. of anhydrous

ethyl ether was added 5.2 g. (0.035 mole) of ethyl malo-
nyl chloride. The mixture was stirred at room tempera-
~ ture for 30 minutes and was filtered. The filtrate was
evaporated in a rotary evaporator and the residue was
dissolved in 20 ml. of ethanol. This solution was added
to a solution of 1.6 g. of sodium in 150 ml. of ethanol.
After stirring at room temperature for 5 minutes, the
mixture was diluted with water and was actdified with
conc. hydrochloric acid. The precipitate which formed
was collected, air dried and was recrystallized from

ethyl acetate to afford 2.1 g. of the title product, m.p.

157°-159° C.
Analysis for: CisHi9N303, Calculated: C, 62.26; H,
6.62; N, 14.52, Found: C, 62.03; H, 6.55; N, 14.56. |

EXAMPLE 9

4-Amino-3-(3-Amino-1H-1,2,4-Triazol-5-yl)-1-ethyl-
1,8-naphthyridine-2(1H)-one, hydrochloride

-~ To a solution of 5.8 g. (0.105 m) of sodium methoxide

in 200 ml. of ethanol is added with stirring 15.1 g (0.11
-~ m) of amino guanidine nitrate. After five minutes, 7.8 g
(0.03 m) of 4-amino-1-ethyl-1,2-dihydro-2-0xo-1,8-
naphthyridine-3-carboxylic acid ethyl ester, prepared
according to Example 5, is added to the reaction mix-
ture and it is stirred at room temperature for 4 days. The
solid is filtered off, washed with ethanol, suspended in
200 ml. of water and filtered. Yield: 4.6 g.; m.p. > 300.
This solid is suspended in about 50 ml. of warm water
and dilute hydrochloric acid is added. The solid dis-
solves and is filtered from impurities. Addition of excess
~concentrated hydrochloric acid causes the hydrochlo-
ride salt to precipitate out. It is filtered (2.9 g.), sus-
‘pended in methanol and filtered again as a white solid.
1t is dried in vacuo at 100° C. for analysis.
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8
Analysis for: C1pH3H70 HCI (MW 307.74), Caicu-
lated: C, 46.84; H, 4.59; N, 31.86, Found: C, 46.59; H,
4.59;: N, 32.03. |

EXAMPLE 10

The compounds of the invention are effective in low-
ering blood pressures as shown in standard tests using

hypertensive rats. Such tests are conducted on sponta-
neously or surgically hypertensive rats. Test groups and
control groups usually consist of 4-6 rats, and the test

compounds and reference compounds are administered
either orally or intraperotoneally. Systolic blood pres-
sures are measured by an indirect technique using the
Decker Caudal Plethysmograph or other appropriate
sensor, and readings are taken prior to drug administra-
tion and periodically thereafter, for example at 1.5, 4,
and 24 hours after administration. Results are analyzed
statistically. Reference compounds used include cloni-
dine, hydralazine, guanethidine, methyldopa, and reser-
pine.

When administered in doses of 5-50 mg/kg., the com-
pounds of the invention demonstrate moderate to
marked abilities to reduce blood pressures. The anti-
hypertensive activity of a compound is rated as follows:

Systolic Decrease In
Activity Blood Pressure

M

- Not Significant (NS) <15 mm. Hg.
Borderline (BDL) - 15-25
Slight (SLT) '25-35
Moderate (MOD) 25-30
Marked (MKD) over 50

“_—_.‘_#“_ﬂ__—-_

When tested in spontaneously hypertensive rats as
described above, the below cited compound gave the

following results:

M

Compound Dose (mg/kg) Activity
4-amino-3-(5-amino-(1H)-1,2,4- 50 MKD at 1.5
triazol-3-yl)-1-ethyl-1,8- ' and 4 hr.
naphthyridin-2(1H)-one, 25 MKD at 1.5
hydrochlonide and 4 hr.
- 10 MKD at 1.5
and 4 hr.
5 MOD at 1.5 hr

M

What is claimed is:
1. A compound of the formula:

in which |
R!is hydrogen or alkyl of 1 to 6 carbon atoms; and
‘R2and R3are independently hydrogen or alkyl of 1 to
6 carbon atoms; | -
R4 is hydrogen or alkyl of 1 to 6 carbon atoms;
or a pharmaceutically acceptable salt thereof.
2. The compound of claim 1, having the name 4-
amino-3-(3-amino-1H-1,2,4-triazol-5-yl)-1-ethyl-1,8-
naphthyridin-2(1H)-one. .
| 2

* & Xk XK
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